It is generally believed that calcium and phosphorus are absorbed from the small intestine and excreted through the kidneys and the colon. The chief factors which influence the absorption from the small intestine are the hydrogen ion concentration of the content of the bowel, the peristaltic rate, and the proportion of the various types of food in the diet. Macfadyen, Nencki and Sieber in 1891 (1), McClendon in 1915 (2) and numerous investigators (3, 4, 5) more recently found the content of the small intestine to be acid most of the time. The strength of the acidity decreases from a pH of about 1.5 in the stomach to approximate neutrality at the ileocecal valve. In spite of this experimental work, one commonly encounters the statement that the content of the small intestine is alkaline. The pancreatic and biliary secretions are in fact alkaline, but these secretions are readily neutralized by excess of acid secretion from the stomach and intestine. The peristaltic rate, or rate of propulsion of the intestinal content, is largely controlled by the nature and bulk of ingested food. A marked increase in the rate of propulsion of content would decrease the time for absorption of calcium and phosphorus as well as other minerals and foodstuffs and would increase the amount of materials retained in the lumen. Diets containing large amounts of fats, excesses of either calcium or phosphorus and highly alkaline diets have been shown by Farquharson, Salter, Tibbets and Aub (6) and others to decrease calcium and phosphorus absorption from the bowel, while acid foodstuffs and proper calcium-phosphorus ratios lead to increased calcium and phosphorus absorption.
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In man it has not been possible heretofore to study calcium and phosphorus exchange in the small bowel independent of colonic excretion, due to the difficulty of distinguishing dietary calcium and phosphorus retained in the stool from that excreted into the intestine. An unusual opportunity for study of the interchange of calcium and phosphorus through the small intestine independent of colonic excretion was afforded by three patients in whom tumor of the cecum necessitated both ileostomy and colostomy, thereby permitting separate collection of colonic and ileal excretion.
METHODS OF STUDY
After the patients had recovered from operation they were given weighed diets composed of foods of known calcium and phosphorus content. An effort was made to give a diet as near the normal as possible. The urine was collected under toluene in twenty-four hour samples. The excreted ileal content was collected in colostomy pouches which were held against a flat piece of rubber sheeting cut to fit snugly around the base of the colostomy opening by an elastic belt. The flat rubber was pasted to the skin by a layer of yeast between the skin and rubber sheeting. In this manner no material was lost and ulceration of the skin was prevented. The colon was irrigated daily by the injection of 100 grams of distilled water into its proximal opening, and the material was collected as it was expelled through the anus. Usually about 80 per cent of the water was expelled about twenty minutes after its injection. These washings always contained a mucoid, opaque, colorless material free from feces or bile, thus showing the absence of any leakage of ileal content into the colon. The pH of all excreta was determined by the glass-electrode method as modified by Hemingway (7) . The ileal content and colon washings were dehydrated either over a water bath or in an electric oven at about 950 C. No (Sahli) , and the red blood cell count was 3.3 million per cubic millimeter of blood. Other laboratory tests were normal. December 1934, six inches of terminal ileum, the cecum, and about six inches of ascending colon were resected because of a suspected carcinoma. The mass on microscopic examination proved to be a carcinoid tumor of the cecum. The gallbladder at operation was thickened and contained stones but was not removed. This patient's convalescence was greatly prolonged because of inability to retain adequate amounts of food. She also lost large amounts of fluid through the ileostomy opening until it was closed. She was in good health in November, 1936.
Case 3. Mrs. M. M., age 50, noticed a small mass in the right lower quadrant in the fall of 1934 which produced very few symptoms. In February 1935, she experienced alternating periods of diarrhea and constipation. The mass began to grow rapidly. Examination at that time showed a somewhat undernourished pale female with movable mass in the right iliac fossa, about three inches in diameter. X-ray examination revealed a filling defect in the cecum which could not be differentiated from a granuloma, carcinoma, or carcinoid of the cecum. Hemoglobin was 57 per cent (Sahli) and there were 2.62 million red blood cells per cubic millimeter of blood. There was occult blood in the feces; other tests and examinations gave normal or negative results. At operation, a large tumor mass was found involving the cecum and appendix. The cecum and the adjacent ten inches of terminal ileum and nearly all of the ascending colon were resected. The proximal end of the colon and the terminal end of the ileum were brought to the surface through a colostomy opening. On microscopic examination the tumor proved to be a gelatinous carcinoma of the cecum. The immediate convalescence was uneventful, but about one year later the patient developed bone metastasis for which she was given roentgen-ray therapy. The patient died from cachexia on June 13, 1936. Postmortem examination confirmed the above diagnosis.
RESULTS
The patient G. M. was able to follow prescribed diets, but became very restless and refused to remain sufficiently long to permit more than one three-day period of study without change of procedure. In Patient A. R. a calcium and phosphorus balance study was made before the operation with considerable difficulty because constant persuasion was necessary to get the needed cooperation. Following operation the patient refused to eat any constant diet; in fact, her stay in the hospital was prolonged for months because of anorexia and a marked diarrhea through the ileal opening with a loss of large amounts of ileal content until the ileum and colon were anastomosed. However, colonic washings were satisfactorily obtained. Samples of ileal content were obtained from the ileal opening at various times for determination of the pH, but a complete collection was not possible. Satisfactory colon washings were obtained on five occasions. Food and fluid when taken in the usual amounts tended to increase peristalsis and decrease the time for absorption from the small intestine. This point is well illustrated by comparing the first period with the second. The diet was identical in both periods excepting that during the second period water consumed was increased from 750 cc. to 2000 cc. daily. This resulted in an increase in average daily ileal excretion of 34.1 grams wet weight and only 1.7 grams of dry substance. The ratio of dry to wet ileal excretion increased from 1 to 13.3 to 1 to 12.8, showing that the increased elimination was chiefly water loss. During the third and subsequent periods the bulk of the diet was increased by one-third, four meals were given instead of three. With this increase in bulk there was an increase in both wet and dry substance in the ileal excretion. The ratio of dry substance to wet weight was 1 to 13.8. Since both the bulk and water content of the diet were changed in this period, a simple comparison with the previous two periods is not possible. When viosterol was added to this diet (next period), a diuresis resulted, and there was a marked decrease in the wet weight and smaller decrease in the dry weight of the ileal excretion, the ratio changing from 1 to 13.8 to 1 to 13. The ileal excreta was less fluid than previously, but still was liquid. During the last period viosterol was discontinued and parathormone was injected. The patient became dehydrated as indicated by a dry skin, a cessation of gain in weight, a large urinary output, and sensation of thirst. The colon washings at this time contained formed plugs of mucus which previously had been liquid. The ileal excreta was semi-solid and almost pasty. The wet weight of the ileal excreta decreased from 370.3 grams to 229.1 grams with a less marked decrease in the elimination of dry substance (from 28.8 grams to 25.5 grams). The dry to wet ratio increased from 1 to 13 to 1 to 9. The absolute decrease in dry substance indicates a better absorption from the small intestine. These effects from viosterol and parathormone administration probably represent a more rapid absorption of water due to hemoconcentration resulting in A slower rate of propulsion of ileal content and a longer time for absorption of foodstuffs from the small intestine rather than any specific effect of viosterol or parathormone upon the mucosa of the intestine. Later, it will be shown that the decrease in both calcium and phosphorus content of the ileal excreta after viosterol and parathormone administration parallels decreased water content.
The content of the terminal ileum in the case of G. M. was quite acid at all times. As previously stated, the daily ileal elimination was collected in two portions of approximately twelve hours each, the 7 a.m. to 7 p.m. collection representing chiefly the food residue and the 7 p.m. to 7 a.m. representing the fasting excretion. The pH of the excreta collected during the period of fasting averaged about 0.2 lower (more acid) than the dry excreta. This difference became more marked when samples taken three to four hours after meals, a time when maximum elimination occurred, were compared with pH readings from material obtained after fourteen hours of fasting. Following meals, the material became about neutral, readings of 6.5 to 6.9 were obtained and readings as low as 4.3 were obtained during the fasting state. In the case of A. R. the daily ileal elimination was 1300 to 1600 grams. The patient was unable to take a constant amount of either fluid or food preventing any balance study. The pH of the content of the terminal ileum varied from 6.07 to 6.8, a slightly acid reaction. These readings for the most part represent fasting values, since the patient was able to take but little food until after the ileostomy was closed. The last patient, M. M., found it necessary to take a very high bulk coarse diet to prevent a large fluid loss from the ileostomy opening. It is possible that this diet may have been a factor in producing an approximately neutral reaction of the ileal content. This is suggested by the above mentioned observation of a tendency for the content to approach neutrality following meals reaction into another segment of bowel would greatly modify the pH of the content of the receiving segment. The character, gross appearance, and pH of the colon washings were very similar in all three cases and consisted of white mucin-like material which became less fluid when the patient was dehydrated. Staining and contamination by ileal content was not observed at any time. The pH of material obtained from all three patients varied but little (8.0 to 8.7).
Calcium and phosphorus absorption and excretion data from analyses of urine, ileal and colonic excreta are listed in Table II . Patient G. M. was used for a calcium and phosphorus balance study. As previously stated, the other patients were not suitable for a similar study. The daily values are listed and averaged for each period. This was thouglht advisable since average figures do not give any information regarding daily variation within a period. Had it been possible to run more than one three-day period on each variation of the study, the listing of daily values would not have been advisable. During the first period and for the preceding two days the patient was given a diet containing 0.55 gram calcium and 0.74 gram phosphorus per day; the average daily urinary excretion of calcium was 0.17 gram and 0.59 gram of phosphorus. The daily ileal excreta contained 0.4 gram calcium and 0.2 gram phosphorus, and the material obtained by washing out the colon contained only a few milligrams of calcium and phosphorus. It is noteworthy that the colon washings did not contain any significant amount of calcium or phosphorus at any time even though during the last period the serum calcium was elevated to 15.3 mgm. per cent by parathormone injection, which resulted in a very significant increase in urinary calcium and phosphorus excretion. The intake of calcium and phosphorus during the second period was the same as during the first, the only change was an increase of water from 750 cc. to 2000 cc. daily. The slight increase of urinary calcium excretion is probably of no significance, but the increase of urinary phosphorus excretion from 0.59 to 0.72 gram per day is a significant one and corresponds to the increase commonly encountered when diuresis occurs. The increase in daily ileal calcium elimination parallels reasonably well the increase in dry material excreted as shown in Table I . The increase in urinary phosphorus and ileal calcium elimination during this period resulted in a small negative balance. It was necessary to increase the diet to permit a gain in weight and to satisfy the patient. This was accomplished by increasing the number of daily meals to four without otherwise changing the diet. Two days after this change the third period was begun. During this period the patient was in a state of calcium balance and a positive phosphorus balance of 0.1 gram per day. When viosterol was added during the fourth period, the urinary excretion of calcium and phosphorus increased while the ileal excretion remained constant, converting the calcium balance to a slight loss and the previously positive phosphorus balance to a balanced state. During the last period the parathormone injections, as previously stated, resulted in a hypercalcemia and a moderately severe dehydration of the patient. There resulted a marked increase of daily urinary calcium and phosphorus excretion and a decrease in ileal calcium and phosphorus elimination which produced a negative balance of both calcium and phosphorus. In Patients A. R. and M. M., except for the first washings in the case of A. R., the colon washings did not contain any appreciable quantities of calcium and phosphorus. The amounts of calcium and phosphorus excreted in the colon washings in all three cases is surprisingly small.
DISCUSSION
Vitamin D is commonly believed to increase absorption of calcium from the small intestine. As shown in Table II were excreted in each gram of dry material 17 and 8.5 mgm. of calcium and phosphorus respectively. When the water intake was increased and the diet otherwise remained constant, there was a greater increase of ileal calcium excretion or less absorption of calcium than during the control period. The phosphorus excretion was not appreciably altered. With the patient on four meals daily and on intermediate water intake, the excreta contained 19 and 8.1 mgm. calcium and phosphorus respectively. Viosterol was then added to the diet, and even though there was a decrease in the grams of dry excreta, the concentration of calcium and phosphorus in this excreta increased. A similar but even more marked effect was noted when viosterol was discontinued and parathormone administered. These data do not support the contention that viosterol increases the absorption of calcium specifically from the intestine, but indicate that through a general increase of absorption from the small intestine there may result some increase in mineral absorption including calcium. It is possible that this increase in absorption is due to slowed rate of propulsion and an increased time for absorption from the intestine.
CONCLUSIONS
In two of three patients studied, the content of the terminal ileum was acid at all times, and in the third patient the content was usually acid, but following the rapid expulsion of very coarse vegetable fiber, the content became approximately neutral.
Following the ingestion of a large amount of water, the ileal excreta became more fluid, and there was an increase in weight of the wet, dry, and mineral excretion.
Viosterol and parathormone administration resulted in a diuresis and a concomitant decrease in the wet and dry weight of ileal excretion. The ileal content became thick and semisolid whereas it had been quite fluid on the same diet during the preceding period. The more concentrated ileal excreta contained more calcium and phosphorus per gram of dry weight than the hydrated.
No evidence was obtained that viosterol in the amounts given to this patient had any specific effect on the absorption of calcium from the intestine.
In these three patients the colon failed to excrete significant amounts of calcium and phosphorus at any time during the study.
